Changing epidemiologic concepts of rubella, with particular reference to unique characteristics of the congenital infection. by Weller, T. H. et al.
THOMAS H. WELLER*
CHARLES . ALFORD *R Department of Tropical Public Health, CHARLES A. ALFORD, JR. * * Harvard School of Public Health
FRANKLIN A. NEVAt
CHANGING EPIDEMIOLOGIC CONCEPTS OF RUBELLA, WITH PARTICULAR
REFERENCE TO UNIQUE CHARACTERISTICS OF THE
CONGENITAL INFECTIONt
It is an honor to participate in this symposium on epidemiology on the
occasion of the dedication of the magnificent new physical facility designed
to house the Department of Epidemiology and Public Health at Yale. That
the facility is a collaborative venture and also houses the home laboratories
of the arbovirus program of the Rockefeller Foundation can only be viewed
as a singularly logical development that will yield substantial benefits to
mankind. Indeed, at this point in history, when the unenlightened con-
fidently predict the eradication in the near term of the gamut of infectious
diseases that plague man, it becomes ever more essential that the few
scientists who maintain an interest in the ecology and epidemiology of
infectious diseases receive continued and increased support. For one can
unfortunately anticipate that in a constantly changing human ecology, man
will be compelled to wage a never ending battle with his pathogens, and
that old problems in the field of infectious diseases will be replaced by
a continuing series of new ones. Furthermore, an expanding global popu-
lation will compound our difficulties. Yet we cannot expect mankind to
contain his reproductive potential, unless we prevent premature deaths and
ill health induced by infectious entities. Voluntary control of reproduction
is to be expected as a concomitant of the economic and social advances
achieved by a healthy society at such a time as that society becomes
convinced that a reduced number of children can reasonably be expected
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to survive to maturity. When considered in this broad context, the social
significance of the Yale-Rockefeller program needs no further emphasis.
Theobald Smith referred to the scientist's role in the continuing conflict
between man and his pathogens in the following terms:'
Science gnaws irregularly away at the lump of the unknown, and the undigested
portions are temporarily bridged over by theories. Moreover, the face of nature
and of civilization is steadily changing and thereby changing the host-parasite
relations. That is to say, we must go on so as not to go backward.
This morning I plan to lay before you a few small crumbs regarding the
epidemiology of rubella recently separated from the lump of the unknown,
crumbs that only serve to emphasize the ill-defined and tremendous magni-
tude of the mother loaf of our ignorance. We will note some unique epi-
demiological considerations posed by congenital rubella infections and
compare the phenomena now established in the instance of rubella with
comparable observations earlier reported by us in the instance of congenital
infections with the cytomegaloviruses of man. We will be concerned
with the fact that for these two quite dissimilar viral agents the human fetus
provides a mechanism for the replication and conservation of virus during
the months of gestation-an intrauterine hiatus in the cycle of person to
person transmission. Thereafter, if the infected fetal host survives the
insults of the agent, the process of viral replication may continue following
birth, and postnatally the infected infant may disseminate virus into the
environment. This process manifests unique host-parasite characteristics,
for excretion of virus may continue for months although the host possesses
significant levels of humoral antibody.
As you are well aware, present interest in rubella dates from the classic
report of Gregg' in 1941, who described 78 cases of congenital cataract
observed following an epidemic of German measles. As a consequence, in
the past 25 years the entity-first described in the English literature by
Matonr in 1815, and termed rubella by Veale' in 1866 who considered the
name appropriate because it was "short and euphonius"-has received
intensive epidemiologic investigation. Early retrospective estimates of risk
of fetal damage after maternal rubella in the first trimester of pregnancy
ranged as high as 80 to 90 per cent. Since 1950, prospective studies have
resulted in a downward revision of estimates of the risk of congenital
malformation, although considerable disagreement persists. For example,
Tartakow5 summarizes estimates of the percentage of infants born with
defects after maternal infections occurring during the first month of preg-
nancy as ranging between 10 and 50 per cent; for the second month
between 14 to 25 per cent; and for the third month from 6 to 17 per cent.
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Before brief consideration of factors that have contributed to the variability
of these estimates, it is pertinent to note that the justified interest in the
teratogenic aspects of rubella has tended to obscure the role of rubella as
a disruptive, if admittedly relatively benign, disease in boarding schools
and military installations. Kneeland notes that some 135,000 cases were
reported as occurring in the U.S. Army during World War II, with an
average loss from duty of seven days per case; rubella produced more non-
effectiveness in the Army than did measles. As emphasized by Peczenik
and Gauld& rubella continues as a military problem at recruit training
centers, with high rates in recruits between the 4th and 7th week after
induction.
While prospective studies on fetal risk associated with maternal rubella
have added significantly to our knowledge of the rubella syndrome, it has
been obvious that definitive assessment of the problem would await develop-
ment of procedures for the laboratory confirmation of the diagnosis of
rubella. Krugman, Ward, and co-workers8 had, for example, in 1953,
through the use of human volunteers, obtained evidence that rubella may
occur without development of a rash. Coffey and Jessop,9 in a prospective
study of a rubella epidemic in Dublin, had observed an increased incidence
of congenital damage among offspring of women who were known rubella
contacts, but who had had no obvious illness. Thus, it appeared likely that
inapparent rubella infection was of epidemiologic import.
Conversely, it has been apparent that certain of the enterovirus exanthe-
mata were commonly misreported as rubella. In Massachusetts, rubella
reaches a seasonal low during the months of August and September. Yet,
in 1951, when the area experienced a summer epidemic of Boston exanthem
disease caused by ECHO-16 virus, a record number of "rubella" cases was
notified for the month of August. Analysis of the monthly distribution of
rubella cases reported for epidemic and for nonepidemic years in Massa-
chusetts suggests that misdiagnosis of rubella continues as a common error
in nonepidemic years.'
The groundwork for a sound understanding of the epidemiology of
rubella was laid in 1962 with the appearance of reports by Parkman,
Buescher, and Artensteine of the Walter Reed Army Institute of Research
and by Neva and myselfl' describing the isolation of rubella virus and
procedures for the serologic diagnosis of rubella. The two groups arrived
at the common objective by somewhat different routes. The Walter Reed
group demonstrated the presence of rubella virus indirectly in inoculated
cultures of grivet monkey kidney cells by utilizing the capacity of the
rubella-infected cells to resist the cytopathic activity of a challenge dose
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of ECHO-11 virus. We, on the other hand, utilized the somewhat subtle,
but unique and distinct, cytopathic activity of rubella virus in primary
cultures of human amnion cells for the direct recognition of the presence
of virus. While these studies were in progress in 1961 in Washington
and Boston, it became possible for the two groups to exchange strains of
viruses to demonstrate their apparent identity and to arrange for simul-
taneous publication. Within a few months confirmatory reports came from
elsewhere in the United States,"mt from Canada,'t England,"'7 South
Africa,'m and Australia.'m Thus, by the end of 1963 the isolation of rubella
virus had received general acceptance.
Although this presentation primarily is concerned with new information
bearing on our understanding of the epidemiology of rubella, a word
concerning the evolution of relevant techniques and interpretation of results
is pertinent. Parkman and his associate? critically examined the variables
in the interference neutralization test for rubella virus. Various factors,
including the size of the test dose of rubella virus, were shown to influence
results. It is clear, therefore, that caution is indicated in comparing the
findings deriving from different laboratories, pending standardization of
procedures. In a similar study, we investigated interference between
rubella virus and Sindbis virus in human amnion cultures ; in this system,
an additional variable in the form of an interferon-like material which was
elaborated by rubella-infected cells was demonstrable. To control the
variable of viral dosage, we developed a combined direct-indirect neutrali-
zation test wherein timing of the addition of the Sindbis challenge was
determined by appearance of rubella cytopathology in inoculated control
cultures. Various groups have described the susceptibility of cell lines to
rubella cytopathic activity, as, for example, the rabbit kidney (RK13) line
reported by McCarthy et al.' and later employed by Dudgeon et al."1 for
serologic studies on the rubella syndrome, the LLC MK2 monkey kidney
cell line' and the AH-1 green monkey kidney cell line of Gfinalp.'
A different approach to the problem of the serologic diagnosis of rubella
recently has been introduced by Brown et al.' with the development of
an indirect fluorescent antibody technique utilizing as antigen a chronically
infected continuous line of monkey kidney cells.
The application of this rather diverse array of technical approaches to
the problems of assaying serologic responses to rubella infection, of esti-
mating the susceptibility of populations to rubella, and of assessing the
specific potency of preparations of gamma globulin has resulted in a body
of information with remarkably inherent consistency, provided that it is
appreciated that direct comparisons of absolute titers are not warranted.
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Both experimentally,'2 and in the field,`' absence of demonstrable circu-
lating antibody correlates with susceptibility to infection, and serologic
positivity with a state of clinical insusceptibility. Infection results in a rapid
antibody response, coincident with the appearance of the rash. While anti-
body levels may subsequently diminish slightly, appreciable titers apparently
persist for many years, a fact reflected in the presence of relatively high
titers of rubella neutralizing antibody"-'' in commercial pools of gamma
globulin.
Combined clinico-virologic studies have establisheidthe following points
of epidemiologic importance. Inapparent rubella infection, i.e., infection
without a rash, is common. Under experimental conditions wherein suscep-
tible children were placed in contact with infected patients, about one third
of the children who developed antibodies did not have an exanthem.' In
an outbreak recently studied in the Pribilof Islands, less than half of
infected children under age 15 developed rash, although the majority of
those without rash had characteristic adenopathy and rubella virus could
be recovered from the throat.' In military recruits studied by Buescher
and colleagues,' the ratio of inapparent infection to clinical disease was
of the order of 6 to 1.
Dissemination of virus by the infected individual probably occurs most
often via the oropharyngeal route, as virus is readily recovered from throat
swabs. Virus commonly also may be recovered from rectal swabs."'6n
Although the original isolate of rubella virus came from urine,' excretion
by this route is uncommon in the case of infections acquired postnatally.
Of particular epidemiologic import is the fact that dissemination of virus
frequently begins as early as 5 to 8 days before the appearance of rash.','
While there is evidence that a single brief contact with an infected
individual is relatively ineffective in transmitting rubella,' in epidemic
situations in schools and in recruit-training installations, rubella attack rates
in susceptible persons as determined by sero-conversion-8' are of the
order of 85 to 100 per cent.
If one assumes that gamma globulin is potentially an effective instru-
ment for the immuno-suppression of rubella in the pregnant woman, then
present administrative procedures will require revision. Limitation of
gamma globulin to those who have known contact with an index case would
leave many exposed women unprotected. Furthermore, if the index case is
a household contact, transmission might have occurred days before appear-
ance of rash in the primary case. However, the value of gamma globulin
is not clear in view of the two studies that have appeared since the advent
of virologic techniques. Green and co-workers? administered gamma globu-
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lin, 0.15 to 0.2 ml. per lb., before exposing children to infected contacts; the
sero-conversion rate and the incidence of viremia was essentially the same
as in unprotected children although fewer of the protected children devel-
oped a rash. Brody et al.' administered relatively large doses (0.25 ml./lb.)
to a group of school boys in the early stages of an epidemic. Protection
was apparently achieved in 50 per cent of the boys; half developed anti-
body, and 25 per cent of the total group had clinical rubella.
In 1964, the high prevalence of rubella and the consequent accumulation
in pediatric centers of numbers of babies with the rubella syndrome,
brought many new investigators into the field and focused attention, once
again, on the congenital disease. A disturbing example of the continuing
tax that infectious disease imposes on our society is found in the now
fragmentary information available on this outbreak.
The results of two serological surveys suggest that the percentage of
susceptible women in the child-bearing age at the start of the epidemic
approximated 20 per cent."" The outbreak began in the northeastern
part of the United States in 1963, and in 1964 spread generally across the
country with the exception of the far west." The data for Massachusetts
(kindly provided by Dr. Nicholas J. Fiumara, Director, Division of Com-
municable Diseases, Massachusetts Department of Public Health) are
illustrative; following four years of low prevalence when the maximum
number of rubella cases reported per year was 6,443, the annual number
of reported cases rose to 11,739 in 1963, and to 37,105 in 1964. Overt
rubella isgrossly under-reported and rubella without rash passes undetected.
Perhaps the actual number of infections was tenfold greater, which would
mean that ten per cent of the population in Massachusetts, i.e., some
500,000 people, experienced primary contact with rubella virus in the
1963-64 outbreak. If it is proper to apply a tenfold corrective factor to the
available figures, then approximately 15,000 women 20 years or older,
and 33,000 girls aged 15 to 19 years acquired infection in the two year
period.
The extent of fetal wastage as a consequence of rubella in the first
trimester is often not sufficiently appreciated. The spontaneous abortion rate
associated with rubella is 10 to 15 per cent.',"', To this must be added the
larger wastage eventuating from the considered use of therapeutic abortion.
In the study of Siegel and Greenberg," 42 per cent of pregnant women
acquiring overt rubella in the first trimester of pregnancy had undergone
therapeutic abortion; in Tartakow's series,' 39 per cent experienced elective
termination of pregnancy. It seems probable that in the recent epidemic
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a comparable, or higher, percentage of pregnancies was electively inter-
rupted.
Accurate assessment of damage attributable to congenital rubella requires
serial examination of possibly affected children over a period of many
years. This point is emphasized by Sheridan's report" of the third exami-
nation of a group of "maternal rubella-children." The group had previously
been evaluated by Manson, Logan, and Loy when the children were two
years old, and was then re-evaluated between ages 3 and 6 years. Sheridan's
investigation, carried out when the children were 8 to 11 years old,
detected for the first time 17 cases with significant degrees of deafness in
the study population of 227 individuals.
While the consequences of the 1963-64 epidemic will require years for
final evaluation, rubella syndrome babies are now much in evidence.
Beginning in January 1964, babies were observed in Boston' with cataracts,
heart lesions, icterus, hepatosplenomegaly, and hemorrhagic phenomena so
characteristic that the house staff coined the term "blueberry muffin" syn-
drome. Similar fulminant examples of the congenital rubella syndrome
appeared in pediatric centers here in New Haven, in New York, and else-
where along the eastern seaboard. From personal contacts, it is estimated
that more than 200 severely damaged babies are under observation.
Additional cases reflecting infections acquired in the spring and early
summer of 1964 are now accumulating." Apart from the personal tragedy,
and omitting lost economic productivity, if one assumes for illustrative
purposes an average life expectancy of 50 years and a conservative estimate
of $2,000 per year for medical and custodial expenses, the direct tax that
will be imposed on society by a group of 200 grossly defective individuals
is some 20 million dollars.
As noted in the introductory remarks, virologic and serologic studies on
the congenital rubella syndrome have revealed a host-parasite relationship
hitherto unsuspected. Our studies,'0 fortunately initiated prior to the 1963-
64 epidemic, first focused on determining whether or not congenital rubella
induced a persistent antibody response in the afflicted child, i.e., antibody
demonstrable at an age when maternally-transmitted antibody should have
disappeared. The majority of sera examined were obtained from the Cardiac
Unit at the Children's Hospital. One group derived from patients with
congenital lesions compatible with the rubella syndrome and with a known
history of maternal rubella, and a second group from children with
congenital defects not considered compatible with congenital rubella and
with a negative history. The coded sera were examined by a rigid direct
neutralization technique. Rubella neutralizing antibody was demonstrable
461YALE JOURNAL OF BIOLOGY AND MEDICINE
in specimens from 11 of 13 rubella-syndrome children, aged 5 months to
6 years, while in the comparable control group only 2 of 20 had specific
antibody. Concurrently, Plotkin, Dudgeon, and Ramsay' demonstrated
antibodies in children with the rubella syndrome, but lacking a control
group could not eliminate the possibility of postnatal infection. Additionally,
Selzer'8 reported recovery of rubella virus from a spontaneously aborted
human fetus and placenta, an observation we had also made. It, therefore,
appeared that the antibody response of the rubella-syndrome infant reflected
intrauterine infection and that the fetus was not rendered immunologically
incompetent to rubella antigen. Whether or not virus persisted after
gaining access to the fetus remained to be settled, as did the time of
production and the nature of the antibody induced. However, it appeared
that retrospective serologic diagnosis of rubella damage was feasible, a point
shortly confirmed by Dudgeon et al.'
Throughout 1963 and continuing into the summer of 1964 we carried
out virologic and serologic studies on products of conception obtained after
maternal rubella, as recently published.'M Similar studies were in progress
in other laboratories, some of which have now appeared in print."l'
Several points of epidemiologic importance emerged from our investigations.
A total of 116 specimens, representing products of conception from 51
women were examined; virus was recovered from materials from 21 women
or 47 per cent. However, for those specimens of which placental tissue
and fetal tissues were examined separately with minimal chance of cross
contamination, the fetal isolation rate was 22 per cent and the placental
isolation rate was 67 per cent. Fetal persistence of virus occurred infre-
quently when rubella exposure occurred after the first eight weeks of ges-
tation; however, persistent placental infection followed exposures occurring
throughout the first trimester of pregnancy.
That the fetus could be infected as a result of an exposure early in
pregnancy, and that the virus could persist throughout gestation, and then
could be disseminated after birth by the rubella syndrome baby, was first
demonstrated in January 1964.' To date, Dr. Alford has studied nine
babies with demonstrated viral excretion following the congenital acqui-
sition of a rubella infection. Virus has been recovered repeatedly from the
throats, conjunctival secretions, or urine of infected babies up to five
months after birth. In some, where comparisons could be made, rubella
antibody levels of the infants exceeded maternal antibody levels at birth,
and elevated levels of antibody have been demonstrated for as long as
ten months after birth. The virus-excreting rubella syndrome baby has now
been observed in several pediatric centers. The congenitally infected baby
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may indeed infect susceptible contacts, as indicated by the reports of Cooper
and associates' of nine cases of rubella in personnel caring for infants with
rubella-associated anomalies, by comparable observations on four cases by
Dr. Hardy and co-workers in Baltimore,' and by the suggestive episode
recorded by Rudolph et al. in Houston.'
The general observations on the virus-excreting babies with the fully
developed rubella syndrome parallel, to a remarkable degree, our earlier
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findings in studies on congenital infections with the cytomegaloviruses."
The similarities are emphasized in Figures 1 and 2, which depict graphically
the clinical course of a representative baby with each entity. In both con-
ditions, a low mean birth weight, a stormy postnatal course with icterus and
prominent hemorrhagic phenomena, a subsiding hepatosplenomegaly, and
residual somatic damage occur; virus excretion, often urinary in type, is
prolonged and occurs in the presence of significant levels of humoral anti-
body. Thus we are faced with a new epidemiologic pattern now established
for two quite dissimilar viruses wherein person to person transmission is
interrupted by a sojourn in a mobile intrauterine conservatory, and there-
after, as person to person transmission resumes, a host peculiarly lacking
in capacity to limit dissemination of infectious material is implicated. In the
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general consideration of this epidemiologic model there are obvious simi-
larities to the situation obtaining in congenital syphilis, as well as to con-
genital Chagas' disease and congenital toxoplasmosis.
Before closing, another and more abstruse mechanism for the possible
dissemination of rubella virus may be mentioned. For some years, virus
laboratories have employed human embryonic tissues for the preparation of
cultures. The subtle nature of rubella virus would permit its unknowing
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propagation in vitro in most types of human cells. With this consideration
in mind we have examined stock pools of cytomegalovirus in our laboratory
for the presence of inapparent rubella virus. From one line that had been
through 19 passages in human embryonic skin-muscle cultures, rubella
virus was readily recovered. Apparently, we had unknowingly isolated
rubella virus some years before 1960! Rubella virus must, therefore, be
added to the list of potential fellow travelers possibly contaminating mate-
rials propagated in human embryonic cultures or in cell lines obtained
from them.
In conclusion, I desire to comment briefly on my discussant. Those
familiar with developments on rubella are aware that Dr. Horstmann was
one of the earlier contributors in the field; indeed, in McCarthy's report"
in 1963 of the first isolation of rubella virus in England, his reference strain
of virus was one isolated by Dr. Horstmann in New Haven. Characteris-
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tically, Dr. Horstmann has concentrated on investigations in depth, and her
findings in the rubella field, which I hope she will summarize, have
anticipated many now in print.
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DISCUSSION *: DOROTHY M. HORSTMANN**
Dr. Weller has given us an excellent review of the problems presented by
rubella and the rubella syndrome, and has outlined the many new dis-
coveries in this field in which he and his colleagues have played such a vital
role. The isolation of rubella virus, reported simultaneously in 1962 by
Weller and Neva and by Buescher and his colleagues, opened up a whole
new era, and made possible accurate epidemiologic observations on the
period of infectiousness, the degree of contagion, and the nature of
maternal and fetal rubella. With virologic and serologic tools available
for working with rubella virus, the stage was set to exploit the opportu-
nities presented by the 1964 epidemic, the largest that the United States has
experienced in at least 20 years. In Connecticut, as in Massachusetts,
a record number of cases was reported-more than 40,000 in a population
of some 2,500,000. Inevitably, in such a large outbreak, many young women
were infected in the first trimester of pregnancy and many babies with the
rubella syndrome have been born subsequently.
In our laboratory we have attempted to explore various aspects of the
rubella problem, as have others. The work has been carried out by a team
consisting of Dr. J. Banatvala, Mr. John Riordan, Dr. Margaret Payne,
Dr. Louis Gluck, and myself. Last spring we examined some 18 specimens
of combined fetal and placental tissue collected when pregnancy was termi-
nated for maternal rubella in the first trimester. From ten of these specimens
(56 per cent) rubella virus was recovered, an isolation rate remarkably
similar to that reported by Alford, Neva, and Weller,' and by others.2 The
* Work reported aided by a grant from The National Foundation.
** Professor of Epidemiology and Pediatrics, Yale University School of Medicine.
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